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Abstract—The emerging trends of wireless 
communication and ever growing demand of very high 
data rate from users created the need for new technologies 
that could satisfy this need under limited bandwidth. A 60-
GHz Ultra-Wideband (UWB) system that can support up 
to 7 Gbps data rate, which is 10 times faster than the data 
rate of the Wi-Fi 802.11n, is one of the promising options. 
The system utilizes higher order modulation and advanced 
coding schemes known as Adaptive Modulation and 
Coding (AMC). However, inappropriate selection of 
modulation level and coding rate can lead to low data rate 
particularly in the presence of Radio Frequency 
interference and multipath fading. Moreover, further 
performance degradation occurs when non-optimal 
decoder due to code constraint length was selected. This 
paper proposes and evaluates a duplex 60-GHz UWB 
system employing Orthogonal Frequency Division 
Multiplexing (OFDM-UWB) to boost the data rate and 
extend the coverage. Firstly, an OFDM-UWB system 
employing high order modulation that transmits data 
simultaneously over multiple carriers spaced apart at 
precise frequencies been simulated and validated using 
Matlab. Secondly, the system performance been analyzed 
when convolutional coding been introduced in term of Bit 
Error Rate (BER). The simulation results show that the 
BER performance of 16QAM is worse, with 6 dB penalties 
at BER of 10-3, compared with that of QPSK. Moreover, 
simulation also shows that there are 2 dB difference 
between the performance of R=1/2 and R=7/8, while the 
highest throughput been achieved when the 3/4 code rate is 
employed.  
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 I.  INTRODUCTION  
Orthogonal Frequency Division Multiplexing (OFDM) is 
considered as one type of digital multi-carrier modulation 
method that expands the idea of single subcarrier modulation 
by way of utilizing multiple subcarriers within the similar 
single channel. By transmitting parallel and multi closely 
spaced orthogonal subcarriers, OFDM show potential 
performance regarding high data rate demand which is not 
achievable by single subcarriers. In order to performe that, 
modulating each subcarrier with a traditional digital 
modulation scheme (such as M-PSK or M-QAM) at low 
symbol rate is performed [1]. Though, the arrangement of 
many subcarriers allows data rates parallel to traditional 
single-carrier modulation schemes within the same 
bandwidths [2]. Besides of using OFDM to increase the data 
rate, the 60 GHz mmWaves radios nowadays are considered 
as a core short-range wireless technology capable to solve the 
spectrum shortage due to the exponentially increasing number 
of wireless users and QoS sensitive multimedia and home 
entertainment applications. Although there are several 
published standards, the 60 GHz wireless developmental field 
is still open as the behavior of the channel is not well studied 
along the whole available bandwidth - at different carrier 
frequencies, and also, there is scarcity of research evaluating 
different transmission technologies besides the standard-
defined OFDM and SC-FDE.  
The 60 GHz mmWaves covers frequency band 
between 57-66 GHz, also commonly referred to as V-band [3]. 
It is located next to the microwave spectrum which has been 
used for commercial wireless deployment for decades. This 
band also called 8802.11ad and has a 7 Gbps as a throughput. 
There are many advantages of using this band, among others;  
no spectrum shortage and high capacity, thus it can be used to 
dramatically increase high speed wireless connectivity in the 
enterprise, metro carrier, and mobile wireless backhaul market 
[4]. 
This paper firstly analyzes and compares the 
theoretical performance of different modulation and detection 
schemes, using experimental channel impulse responses 
recorded at 60 GHz at LOS communication between 
transmitter and reciever. The simulation analyzes the response 
of the OFDM signal with differen M-ary modulation 
techniques to obtain the BER response of each type of 
modulation and also to obtain the throughput of each one.  
Secondly, OFDM signal at 60GHz transmission band with the 
use of convolutional code with different lengths and weights 
and using Veterbi decoding to decode the signal with several 
modulation scheme been simulated and analysed. 
 
II.  OFDM-UWB SYSTEM  
Frequency Division Multiplexing (FDM) is the base 
concept of OFDM. In FDM, the whole frequency band used is 
separated into small parallel channels, each channel has its 
frequency band where a stream of information can pass within 
it. In order to eleminate the interferance between the adjacent 
channels, a frequency band separation is used to guard the 
information to be affected by the adjacent channel interference 
[5]. Unlike the FDM, OFDM is used the concept of 
multicarriere in the same channel where these multicarriers 
called subcarriers and these subcarriers should be orthogonal 
to each others to carry information without face the effect of 
intersymbol interference with addition of using a guard 
interval to also minimiza the interference between subcarriers.. 
One of the advantages of OFDM is the inter-
relationship between the frequency and time domains which 
makes the OFDM suitable to use in any modern wireless 
communication [5]. Each subcarrier mentioned above 
modulated with different complex data using Inverse Fast 
Fourier Transform (IFFT) which by this process the 
frequency-domain signal form of the information can 
produced which is called the OFDM symbol in the time-
domain. The inter-symbol interference then reduced by the use 
of time domain guard interval. This interference is caused by 
the multi-path delay spread. The final OFDM signal finally 
performed by a series of OFDM symbols [6]. The inverse of 
the IFFT is performed at the receiver which is called FFT to 
recover the original form of symbols.  
Another advantage of OFDM is the concept of 
orthogonality between subcarriers. This orthogonality prevent 
the OFDM symbol to affect by the overlapping between 
suncarriers and this can increase the spectral efficiency of the 
system so that the OFDM system can carry more information. 
The only way of adjacent subcarrier interference in OFDM is 
the loss of orthogonality [7]. Missing in orthogonality leads to 
frequency shifts so the channels frequencies interfere each 
others causing  inter-subcarrier-interference.  
As mentioned above, the combination use of IFFT at 
the transmitter and FFT at the reciever allows generation of 
OFDM signal and receiving the origianl signal respictivelly. 
The IFFT at the reciever makes the information bits to be 
modulated with different compex data to generat the 
orthogonal OFDM data which is called sub-carriers by 
converting the frequency-domain data to the time-domain 
output data. The input data of the IFFT at the transmitter is the 
modulated symbols that are modulated by using several types 
of digital modulation schmes like BPSK or QAM [8]. These 
complex modulated symbols are treated as a frequency-
domain signals where after the IFFT process these digital data 
treated as in time-domain. The output of the IFFT is the N 
subcarriers where N is the number of the subcarriers that carry 
the OFDM symbols. Each N has a time period equals T 
seconds and different frequency f with orthogonallity 
satisfaction. The generation of OFDM symbols and the 
transmitter block diagram is as shown in figure 1. 
 
 
Figure 1: OFDM simple block diagram 
 
III. SYSTEM SIMULATION MODEL 
The simulation is divided into two parts, firstly the simulation 
of 60 GHz OFDM-UWB transmission with different high 
order modulation (PSK and QAM). Secondly, the simulation 
involves OFDM-UWB system with convolutional code and 
Viterbi decoding using different values of trellis coding length 
and code rate.  
Figure 2 shows the block diagram of the receiver 
used to receive the 60 GHz signals, which is called full 
resolution receiver. The receiver performs a full detection of 
the received signal r(t). The use of this receiver where ever the 
transmitter located performs better performance of the system 
instead of any other technique of receiving like Rake receiver 
which doesn't make a full searching but receive samples of 
signals.  
 
Figure 2: Full resolution receiver block diagram 
 
The simulation process starts from initializing the simulation 
parameters shown in Table 1.  
 
Table 1: Simulation parameters 
 
Parameters Value 
Modulation types M-PSK, M-QAM 
Coding used Trills code 
Decoding algorithm Viterbi decoding  
Code lengths  4, 5, 6, 7 
Code rate 1/2, 2/3, 3/4, 7/8 
Multiple access  OFDM 
Frequency bands 60 GHz 
 
 
The flowchart of the first and the second simulation is as 
shown in Figure 3 and 4 respectively.  
 
Figure 3: OFDM-UWB with high modulation scheme 
 
IV. RESULTS AND DISCUSSION 
Figure 5 shows the response of communication under the 
60 GHz transmission between Tx and Rx with a LOS 
communication between them. The modulation used is QAM 
and PSK with different value of ordering. The general digital 
modulation used nowadays in current wireless communication 
used OFDM-UWB is the QPSK modulation scheme like that 
used in WiMedia application. Because of this, this simulation 
performs the simulation under using different types of digital 
modulation in order to make a comparison between using 
them at Bit Error Rate (BER) performance.  
As in general response of digital modulation, the 16QAM is 
the worse BER response with 6 dB difference compared to 
QPSK at 10-3. It is logically also to say that 8QAM is not 
usually used in practical application because it is not robust 
against noise and gives the BER response close enough to the 
BER response of 16QAM with square constellation with 
additional bits per symbol which means more spectral 
efficiency for the use of 16QAM.  
 
 
Figure 4: OFDM-UWB with different coding/decoding  
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Figure 5: BER performance for different types of 
high order baseband modulation 
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As shown in the results obtained in figure 6, the 
throughput of the 16QAM can be reaches upto 105.6 Mbits/s 
at the 8 dB compared to 105.3 Mbits/s for the QPSK and 
4QAM at the same dB ratio. The response comparison 
between 16QAM and 8QAM is still valid here. The 
throughput of the 8QAm is close enough to the throughput of 
the 146QAM. Because of this, the use of 16QAm is more 
better than the use of 8QAM as a digital modulation especially 
with OFDM symbol generation.  
 
Figure 6: Throughput of different Baseband Modulations 
 
In general construction of OFDm signals, the 
Convolutional codes are generaly used because of these 
powerful error correcting capabilities. Viterbi decoding 
process is also generally used with convolutional coding using 
a maximum likelihood decoder.  
The construction of Viterbi decoding is based on a 
trellis diagram with 2K-1 states, where K is the Constraint-
Length of the trilles state. The most parameters to be into 
consideration when designing the convolutional code are K 
with addition to the code rate (R). code rate (R) is calculated 
by divided the information bits number (m) to the code length 
(n) that is R=m/n. the basic code rate used is R=1/2 where the 
input information bits is half the code length and can be 
reached by deleting some bits in the encoder output. K is 
usually be from 4 to 7 to have better BER perfoamance as 
shown in Figure 7. Another comparison is also obtained in this 
study, changing the code rate used is useful to study the BER 
performance of high order modulation OFDM-UWB systems. 
the code rate used are R= 2/3, 3/4, and 7/8 with addition to R= 
1/2 at the same value of K equals 7. The results shows that K 
plays an important rols on BER performance with inversely 
proportional response with BER with more complexity 
operation at the reciever. While the code rate effect is 
directelly proportional to the throughput where the larger R, 
the more throughput with more Eb/No penalty.  
 
Figure 7: BER for Code-Rate 1/2 with K from 4 to 7 
 
For this 60 GHz OFDM-UWB system, Figure 8 shows that 
when K increases for the same code rate, the BER 
performance becomes better, there are 1.5 dB difference 
between the performance of k=7 and k=5 for the same 10-3 
BER. The performance becomes better when compared with 
k=4, where at the same BER there are 2 dB difference. The 
system becomes more complex when k increases.  
Figure 8 shows the performance difference of 
different code rates of the convolutional code but with the 
same K. The simulation shows that there are 2 dB difference 
between the performance of R=1/2 and R=7/8. There is a 
slight difference between the performance of R=3/4 and R=1/2 
but with high throughput for the 3/4 code rate. For the OFDM-
UWB system, the best throughput for the 16QAM Base-Band 
Modulation has been become from using R = 7/8 and K = 7.  
To compare the results obtained from the use of 
16QAM, another baseband modulation is used. 16-PSK is 
used as a high order modulation for the OFDM-UWB system. 
The simulation results are shown in Figure 9 and Fgure 10. 
The general concept of using convolutional codes with 
different code rates and K is still valid. That is inversely 
proportional response with BER with more complexity 
operation at the reciever for changing K and direct 
proportional between R and throughput with more Eb/No 
penalty. 
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Figure 8: BER for different Code Rates of 1/2, 2/3, 3/4 and 7/8 
 
 
Figure 9: BER for Code-Rate 1/2 with different K from 4 to 7 
for 16-PSK 
 
From Figure 9, it seems that the 16PSK modulation 
performance is slow compared to the other high order 
modulation; this means that that the BER performance is high 
and the 16PSK modulation works better in the high Eb/No 
value. This concept is still valid when using 16PSK as the 
modulation for the OFDM-UWB system. Figure 4.6 shows 
that the BER performance decreases after 12 dB Eb/No value 
which compatible with the basic performance of the 16PSK 
modulation. The simulation shows that there are 3 dB 
difference when using K=4 between the result obtained from 
16QAM and 16PSK for the same 102 BER. 
From Figure 10, it is also clear that the concept of using 
convolutional coding for OFDM-UWB system is still valid. 
The performance of different code rates with the same K is 
performed for 16PSK modulation. Because the 16PSK 
depends only on the variation of phase, the noise is become 
large, and the system works efficiently on the high Eb/No 
values. Figure shows that there are 5 dB difference between 
the 16PSK performance for R=7/8 and 16QAM at the same 
10-2 value of BER.   
 
Figure 10: BER for different Code Rates of 1/2, 2/3, 3/4 and 
7/8 for 16PSK 
 
V.  CONCLUSION 
A 60-GHz OFDM-UWB system is new promising system that 
expected to support data rate up to 7 Gbps. The performance 
of those system under various high order modulation schemes 
and coding been investigated based on throughput and BER. 
The performance is subjected to order of modulation, code 
rate and code length.  
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